The aims of the present study were 1) to evaluate the effects of 11 weeks of a typical free-swimming training program on aerobic and stroke parameters determined in tethered swimming (Study 1; n = 13) and 2) to investigate the responses of tethered swimming efforts, in addition to free-swimming sessions, through 7 weeks of training (Study 2; n = 21).
Introduction
Tethered swimming has been used as an alternative evaluation method to a swimming flume, allowing for the measurement of maximal oxygen uptake (VO 2 max), movement economy [8] , anaerobic threshold (AnT) [22, 26, 28] , maximal lactate steady state [28] and anaerobic fitness parameters [23, 27] . Although tethered swimming-determined anaerobic parameters [23, 27] are sensitive to training [2] and tapering [27] , the responses of tethered swimming-determined aerobic and stroke parameters to a free swimming training program remain unknown.
In addition to being used for the evaluation of aerobic and anaerobic parameters, tethered swimming also may be applied as an alternative device for aerobic/anaerobic training development to avoid monotony when swimmers need to perform similar training sessions every day. The use of tethered swimming efforts also allows for more continuous efforts, which can be related to 2 main advantages for prescribing training: 1) the possibility of prescription at the exact intensity related to aerobic parameters (e. g., AnT and VO 2 max), without adjustments to correct the intermittent characteristics of normal training situations (i. e., fixed distances) [21] ; and 2) the use of tethered swimming increases the time of application of force during stroke (i. e., the propulsive phase) [20] , which can improve the maintenance of force development during medium and long events. Thus, tethered swimming efforts can be a useful approach during training routines, mainly for medium/long distance and open water swimmers. However, although previous studies used tethered swimming with short all-out efforts (i. e., anaerobic training) [13] , to date, the use of tethered swimming to train at AnT intensity has not been investigated.
To introduce this model during training routines, more studies are needed to use the tethered swimming-determined aerobic and stroke parameters for evaluation, investigating its sensibility to a typical free-swimming training. In addition, the main criticism about the introduction of long tethered swimming efforts during training routines is the possibility of changes in mechanics, which still needs to be tested. Thus, we conducted 2 studies to address these issues. The first study aimed to evaluate the effects of 11 weeks of a typical free-swimming training program on aerobic and stroke parameters in tethered swimming and their relationship with free-swimming performance. The objective of the second study was to compare the responses of tethered swimming efforts during free-swimming sessions to those obtained with typical free-swimming training. Our hypothesis was that 1) tethered swimming-measured aerobic and anaerobic parameters are sensitive to a typical free-swimming training program and are associated with free-swimming performance (Study 1), and 2) the use of tethered swimming training with individualized prescriptions based on the AnT will lead to similar responses compared to traditional swimming training (Study 2).
Materials & Methods
Participants A total of 34 swimmers (12 female and 22 male) were enrolled. The swimmers had been engaged in training programs and in national competitions for at least 2 years, with a mean training volume of 23.707 ± 3 057 m.week − 1 and at least 5 sessions per week. All procedures were approved by the University's Institutional Review Board for Human Subjects (Human Research Ethics Committee). Athletes and their parents were informed about experimental procedures and risks, and both provided a written informed consent authorizing the athletes' participation in the study. This study was performed in accordance with the ethical standards of this journal [15] .
Experimental design
In the first study, 13 young swimmers (3 female and 10 male, age 16.0 ± 1.5 years, body mass 67.0 ± 3.01 Kg, height 1.71 ± 3.42 m, 72.8 ± 2 % of 200 m freestyle word record in 25 m swimming pool) underwent 11 weeks of traditional free-swimming training. Before and after training, athletes performed a tethered graded exercise test (GET) and a maximal 200-m bout, with a minimal interval of 24 h between tests. During the training, no tethered stimulus was performed.
In the second study, 21 swimmers (9 female and 12 male, age 16.0 ± 2.1 years, body mass 65.0 ± 5.1 Kg, height 1.70 ± 0.05 m and 70.9 ± 5.0 % of 200 m freestyle word record in 25 m swimming pool) were randomly divided into a control group (G C ) and a group who received a tethered swimming stimulus during training sessions (G TS ). The randomization was performed through a drawing held by a participating researcher. G C and G TS followed the usual training routine proposed by the same team coaches, and the total volume (time) of training sessions was similar. However, the G TS performed 50 % of the session using tethered swimming, while the G C only conducted training as free-swimming. The warm-up, technical training and final part were identical for both groups and were performed as free-swimming. Before and after training, all swimmers were subjected to a GET (day 1) and maximal free-swimming performance at 200 m (day 2), 100 m, and 400 m (day 3; minimal recovery of 50 min). These distances were selected because they are the most commonly used by swimmers in competitions.
Although the high-intensity efforts in tethered swimming were frequently used during the training routine of our participants, the procedures for both studies were the first stimulus in long efforts with moderate intensity or in an incremental form. Thus, to eliminate possible learning effects, swimmers performed a tethered swimming familiarization period (week zero) in both studies. This period consisted of 5 min per day during 6 days with intensities related to the incremental test (e. g., approximately 30 s in intensities ranging between 20 to 80 N). After this familiarization period, swimmers performed the training sessions according to the instructions of the team coaches. The researchers only confirmed the intensities of tethered and free-swimming during the main series of sessions.
Instrumentation
In both studies, an 6-m elastic cord (Auriflex, n ° 204, São Paulo, Brazil) was connected to a load cell (CSR-100 kg, MK Controle ® , São Paulo, Brazil), while the other end was connected to a nylon belt tethered to the swimmer's waist. Values obtained during bouts were sent by a data acquisition device (NI-USB-6008, National Instrument Corporation; Austin, Texas, USA) to a computer (LabVIEW 8, National Instruments Corporation; Austin, Texas, USA) at 400 Hz. Before evaluation, the elastic cords were calibrated, and the linearity of this system was tested with superposition of known weights to ensure an increment of 0.5 Kg and an amplitude between 2 and 10 Kg. Each known weight was suspended for at least 30 s. Thus, a linear relationship was constructed between electrical potential detected by load cell (mV) and known weight, which resulted in high level of linearity (r 2 > 0.95). This procedure was performed with Matlab 5.3 ® (The Math Works Inc., MA, USA) (26) .
The calibration process of the elastic cords, which were used for the evaluation and during the training, was previously used by our laboratory [26, 28] . Generally, the elastic cord was stretched every 2 m (i. e., increments of 10 N). After this procedure, the force values were recorded during 1 min up to the mark of 20 m. Thus, we established a relationship between the distance from the edge of the pool and the force necessary to keep the swimmer at a certain distance [28] . This relationship was checked weekly with each elastic cord, correcting for possible deformations of the elastic cord resulting from the exposure to the sun and to the products used to treat the water of the swimming pool.
Tethered swimming graded exercise test (GET)
In both studies, participants were connected to the tethered swimming apparatus using a commercial elastic cord (Auriflex n o 204, São Paulo, Brazil). The initial load was 20 N with increments of 10 N every 3 min. After each stage, blood samples were collected (i. e., 25 µL from athletes' earlobes), allowing for the determination of blood lactate concentrations ([La -]) using a lactate analyzer (YSI 1 500 Sport ® , Yellow Spring Instruments, Ohio, USA). The total number of blood sample collections depended on the number of stages that swimmers performed during the GET but ranged from a minimum of 4 to a maximum of 10 per swimmer.
During each 3-min stage, swimmers were required to keep their head as close as possible to cones placed 2 m apart on the sides of the pool. The intensity increase consisted of moving the swimmer's head to the next cone. The length of the elastic cord was selected to guarantee that the advancement of 2 m corresponded to the increment of 10 N in the force measured in tethered swimming.
Exhaustion was assumed when the swimmer was unable to maintain the position in a specific stage for 10 s. Stroke rate (SR) was determined in each stage during GET and corresponded to the ratio between the number of strokes and swimming time in each stage. The peak force in GET (PF GET ) was considered the swimming force corresponding to the upper GET stage. If a swimmer became exhausted without completing the stage, PF GET was adjusted as proposed by Kuipers et al. [17] and adapted to tethered swimming [26, 28] .
A regression model with 2 linear components (bi-segmental model) was used to describe the points obtained from the relationship between blood lactate concentrations and exercise intensity. The AnT was assumed as the swimming intensity corresponding to the intersection point of 2 straight lines [26] . This method to determine AnT was not different from the swimming intensity corresponding to the maximal lactate steady state [28] , justifying its use in both studies to monitor and prescribe the tethered swimming training. The points, obtained from the relationship between SR and force, were linearly adjusted. Although Barbosa et al. [3] showed that the relationship between free swimming speed and stroke rate is better explained by a second order polynomial fit, we verified in tethered swimming that the linear fit presented the highest coefficient of determination (linear r 2 = 0.73 and polynomial r 2 = 0.55). Thus, the SR was determined at AnT (SR AnT ) [25] .
Maximal free-swimming performance
Before the maximal performance, swimmers underwent a warmup of 1 000 m composed of swimming technical exercises, isolated work of the lower and upper limbs, and a front crawl at a moderate intensity (subjectively determined).
3 front crawl maximal efforts of 100-, 200-and 400-m were performed. Only 200-m maximal effort was performed in the first study, and the [La -] were monitored for 7 min to determining the peak values ([La -] 200 ). In order to simulate competition between the swimmers, all free-swimming sessions were performed in pairs. Both the pairs and order of efforts were maintained in the post-training situation. The distances were used to calculate the mean speeds that were used as an index of the maximal performance (s100, s200 and s400).
In all maximal bouts, the SR, stroke length (SL) and stroke index (SI) were measured. The SR was assumed as the ratio between number of strokes and the time of effort. The stroke length (SL) was determined as the product of speed during maximal effort (s) and SR (SL = s.SR). The SI was calculated as the product of s and SL (SI = s. SL) [8] . For the determination of SL, the turns were ignored. These procedures were previously used in swimmers by Costill et al. [8] .
Characteristics of training sessions
In both studies, training sessions were composed of a warm-up, technical training, a main series and a final part. The warm-up consisted of swimming with moderate variations in strokes (i. e., front crawl, backstroke, breaststroke and butterfly) and a volume of approximately 1 000 m. The technical exercises consisted of isolated exercise using lower and upper limbs and drills. These technical exercises had a volume of approximately 500 m at moderate intensity. During the experiment, the main series were performed using only the front crawl; thus, the intensity and volume of these training sessions varied according to coaches' instructions. As proposed by Maglischo [20] , the aerobic swimming training was performed in intensities classified as easy (End-1, blood lactate ≈ 2 mM), close to AnT (End-2, blood lactate ≈ 4 mM) and endurance high-intensity training, which consisted of swimming efforts at speeds above the AnT (End-3, blood lactate > 4-8 mM). Anaerobic training sessions were also applied using maximal efforts. After all sessions, swimmers performed 800 m of low-intensity efforts composed of one or more specific strokes (excluding the front crawl), according to the specialty of each swimmer.
Training characteristics -Study 1
The main aim of this specific swimming training program was to prepare the athletes for the National Championship. Thus, after the end of the State Championship that occurred 12 weeks before the beginning of the National Championship, the team coaches started the current swim training program. However, the first week was used to familiarize the swimmers with the experimental procedures. Thus, in the present study, we report the results of the other 11 weeks of training.
The swimming training program was designed by team coaches and included 2 periods: a basic training period (endurance and quality phases) during 9.5 weeks, with a mean training volume of 5 800 m.d − 1 , 6 days per week; and a taper period during 1.5 weeks. There was a nonlinear progressive reduction of volume (48 %) for 11 days, without alteration of weekly frequency and intensity. The mean volume during the entire study was 21 545 ± 7 201 m.week − 1 . ▶ Fig. 1 demonstrates the training distribution in Study-1.
During the training program, swimmers completed 5 h.wk − 1 of dry-land activities, including traditional weight lifting (i. e., upper and lower body exercises, 3 sets of 7-10 repetitions per exercise at 70-90 % of one maximum repetition), circuits, stretching exercises, and aerobic cross-training. During the taper period, the swimmers did not perform any training sessions on dry land.
Training characteristics -Study 2
This study was developed during the basic preparation period because it was a training phase with few major competitions that was focused on training to develop aerobic capacity and force maintenance. The duration of this training period was 7 weeks with 5 sessions per week. It is important to note that the G TS performed 50 % of the main series in each session using tethered swimming. The volume of the tethered swimming training during the main series was adjusted for the time used to perform the same exercises in free swimming. The same rest intervals were also used. To adjust the intensities performed during tethered swimming and free swimming, blood samples were collected immediately after the main series to determine lactatemia as previously described. ▶ Fig. 2 demonstrates the training distribution in Study 2.
The G TS performed tethered and free swimming in all training sessions. As G C performed only free swimming training, the volume (m) performed by this group in the main series (i. e., in free swimming) was double compared to G TS . Therefore, the total absolute During the G TS sessions, the elastic cords were directly connected to the starting block. To guarantee that tethered swimming training was performed at the pre-determined intensities, 2 coauthors of the current manuscript and one coach of the swimming team put marks on the edge of the pool. The intensity of the session was controlled by the distance between the individual markers and the start block. To ensure the correct force, a cord elastic calibration was performed weekly as described above (see Instrumentation). Thus, each swimmer using his/her specific elastic cord previously calibrated was instructed to keep his/her head aligned as closely as possible to a particular mark, which allowed 9 swimmers to train simultaneously.
Quantification of training load
In both studies, the training load was quantified using the blood lactate method. In the first study, standardized training sessions were performed at the first, fifth and ninth weeks, allowing the determination of the [La -] for the different training zones. In the second study, this procedure was applied at the first and fifth weeks.
Thus, training intensity was individually classified in 5 intensity levels based on blood lactate concentration (level I: 2 mM, level II: 4 mM, level III: 6 mM, level IV: 10 mM, and level V: > 10 mM). To quantify the training load in tethered swimming (Study 2), the relationship between blood lactate concentration and force during GET obtained at the beginning of the experimental training program was used. Subsequently (in free and tethered swimming training), the daily load was calculated by multiplying the volume (distance or time) covered at each level with a corresponding factor of 1, 2, 3, 5 and 8 divided by 1 000 [24] . Swimmers that performed 90 % or more of the training sessions, including dry land training sessions, were maintained as participants in the present investigation.
Statistics
The normality and homogeneity of the data were tested and confirmed by Shapiro-Wilk and Levene's tests, respectively. These procedures allow for the use of parametric statistics and the presentation of data as the mean ± standard deviation. In Study 1, a t-test for dependent samples was used to demonstrate the possible effects of free-swimming training on tethered swimming parameters. In the second study, the differences between groups and evaluation periods were tested with 2-way analysis of variance, followed by Tukey's post-hoc test. All statistical tests were performed using STATISTIC 7 (StatSoft, USA), and the level of significance adopted was p < 0.05 for all analyses. 
Study 2
▶Fig. 4 demonstrates the training load during 7 weeks of training. According to ▶ table 2, the intensity distribution of the training sessions (i. e., End-1, End-2, and End-3) during the experimental weeks was similar for G C and G TS.
Regardless of the experimental group (i. e., G C vs. G TS ), the 7-week training program did not lead to significant alterations of PF GET and AnT. While the [La -] GET did not change in G C , this physiological parameter increased in G TS after the swimming training program. The G C and G TS did not present significant alterations in the maximal free-swimming performance and in the respective values of SL, SR and SI (▶table 3).
Discussion

Study 1
The main aim of the present investigation was to evaluate the effects of an 11-week swimming training program on aerobic and stroke parameters measured in tethered swimming and their relationship with s200 m front crawl. The main finding of the present investigation was the sensitivity of aerobic (i. e., AnT and PF GET ) and mechanical (SR AnT ) parameters measured in tethered swimming to the 11-week swimming training program.
In our investigation, we verified that AnT and PF GET increased 9 % and 20 %, respectively, in response to an 11-week swimming training program. The effects of free-swimming training on VO 2 max measured in tethered swimming have been demonstrated in different classic studies [5, 19] . However, these investigators did not show these effects on the iVO 2 max. The higher improvement of this index occurs when the swimmers perform intensities at 100 % of iVO 2 max [4] . Thus, it is possible to hypothesize that the PF GET percentage improvement verified in our investigation occurred due to the high-intensity aerobic training (Zone 3) that corresponded to 18 % of the total training volume. Although our results demonstrate the sensibility of PF GET , further studies are necessary to test the training responses of iVO2max measured during the tethered swimming. ▶table 1 Mean ± standard deviation of aerobic and anaerobic parameters obtained before (Pre) and after (Post) the 11-week swimming training program.
Pre Post
Tethered Swimming Graded exercise test 
Thieme
Another interesting finding was the 10 % reduction in SR AnT without a concomitant reduction in SR GET . These data indicate that swimmers produced high force ( + 4.04 N) with a low stroke frequency during submaximal intensities after training. Submaximal adaptations were previously observed with few sessions of tethered swimming (i. e., low lactate concentrations [1] ), mainly when the efforts were performed without familiarization. However, in the present study, the swimmers were familiarized with tethered swimming, indicating that our findings are related to training adaptations and not simply to a learning effect of the ergometer.
The significant increases of 18 % and 21.5 % in [La -] 200 and [La -] GET , respectively, are in accordance with Sperlich et al. [30] showing significant increases in lactate accumulation rate ( ≈ 34 %) in young swimmers (9-11 years) after 5 weeks of high-intensity training. These results may be explained by the increases of the activity of the anaerobic enzymes and of the glycogen content, which are expected in response to swimming training [6] and probably contribute to the higher peak [La -].
Although previous studies have shown the sensitivity of anaerobic parameters performed in tethered swimming to training (2) and tapering (26) , this is the first study showing the sensitivity of tethered swimming-obtained aerobic parameters to freestyle training effects. These results indicate that both swimming coaches and researchers may use the GET performed in tethered swimming to evaluate the effects of free-swimming training. The use of this procedure of evaluation presents 2 main advantages. First, the intensity of the tethered swimming efforts may be easily controlled as occurs in cycle ergometer and treadmill. The second advantage is the possibility of monitoring the oxygen consumption during the effort, which presents reduced cost compared to other methods (i. e., telemetry systems or swimming flume). Thus, the GET performed in tethered swimming is a useful method to the determination of the parameters related to both [La -] (i. e., AnT and [La -] GET ) and oxygen consumption (i. e., VO 2 max and swimming economy).
Study 2
The main finding of the present investigation was that tethered swimming training (i. e., G TS ) led to similar responses compared to free swimming training (i. e., G C ) for PF GET , AnT, maximal free-swimming performance and stroke parameters. While G C did not change the [La -] GET after the 7-week training program, G TS significantly increased the lactate production capacity. ▶table 2 Number of repetitions (nr), volume (vol), rest interval (r), and blood lactate concentration ([La -]) obtained during free and tethered swimming at the intensities below the AnT (End-1), at the AnT (End-2) and above the AnT (End-3).
Free swimming tethered swimming nr vol (m) rest(s) [La -] (mM) nr vol (min) rest (s) [La -] (mM)
End- In the present study, the aerobic training performed with the G TS was adapted from the free swimming training proposed by Maglischo [21] . The aerobic training of G TS was applied during the basic preparatory period, was characterized by an increased volume, and aimed to develop aerobic characteristics. However, this training did not lead to significant alterations of AnT . It is important to note that the G C did not significantly alter AnT. There are 3 hypotheses to justify the lack of AnT improvements in G TS and G C .
The first one is that the protocols used to measure AnT are not sensitive to training. However, AnT was determined as in Study 1, which demonstrated the sensitivity of this method to training effects. In addition, Matsumoto et al. [22] reported significant increases of 0.26 ± 0.11 kp in AnT measured in tethered swimming for asthmatic children after 7 weeks of aerobic tethered swimming training. Based on the results obtained in Study 1 and by Matsumoto et al. [22] , it is possible to disregard our first hypothesis.
The second hypothesis is related to the training model and to the period that swimmers were evaluated. After a training period characterized by elevated training volume, significant reductions in muscular glycogen [7] and the type IIa muscle fiber size [12] as well as a stagnation and/or reduction in swimming power and performance of 22.9 m and 365.8 m [7, 9] have been described. However, these reductions can be reversed after a short training period characterized by reduced volume and maintained intensity [27, 32] . Therefore, it is possible that the lack of improvements in AnT and maximal free swimming performance observed in the present study occurred because the post-training tests were applied without a supercompensation period (i. e., taper period). Thus, the lack of a taper period in second study may be the main reason for the absence of AnT improvement.
Finally, the third (and probably the most accepted) hypothesis is related to the fact that the experimental period was ineffective to improve AnT values. In this study, the basic preparatory period started in the second annual cycle of swimmers' training. This means that swimmers completed the first training cycle for the winter competitions (i. e., during July), interrupted their training for a period of one week and then started the basic preparatory period of the second training cycle (i. e., in the beginning of August). It appears that swimmers initiated this second training cycle with a well-developed aerobic capacity achieved during the previous cycle. Thus, the ineffectiveness can be related to the small interval between the first (winter cycle) and second cycle (experimental summer cycle), which is not sufficient to "detrain" the swimmers' aerobic capacity. In addition, the well-developed aerobic capacity led coaches to increase the volume of anaerobic training in Study 2 (i. e., zone 5; ▶Fig. 4), decreasing the amount of sessions related to aerobic adaptations. Thus, the absence of improvement in AnT may also be linked to the training stimulus, which was less specific for aerobic capacity than that applied in Study 1. Finally, we also can speculate that in the post-training period, the swimmers were depleted (i. e., experienced decreased muscular glycogen concentrations). However, the lack of differences in PF GET and the improvements in [La -] GET discredit this possibility.
On other hand, the improvements in [La -] GET , demonstrate some advantage of the tethered swimming stimulus applied during this experimental period. The results observed in G TS may be explained by the fact that during tethered swimming training, the drag from the edges and sides of the pool are smaller compared to free-swimming training. In addition, drafting was not a factor in tethered swimming. These characteristics allow for a higher level of force development by swimmers during tethered swimming training, which would increase the anaerobic metabolism demand. This increase could explain the higher lactate production capacity and lactate tolerance of G TS compared to G C . Taken together, our data suggest that the inclusion of a tethered swimming series may increase lactate production capacity and the anaerobic contribution during exercise.
The SR, SL, SI, the slope between SR and velocity cubed ratio [29, 33] , and SR corresponding to lactate threshold [25] and to maximal lactate steady state [10] are some of the parameters that can be used to evaluate swimming technique. However, it is difficult to find studies that attribute training performance improvements to SL [33] . Independent from tethered swimming inclusion in a training program, 7 weeks of training did not lead to significant alterations in swimming technique parameters. Our results are in accordance with other studies that did not verify significant changes in SR and SL when swimmers were evaluated after 10 days [7] or 6 weeks [9] of aerobic training. On the other hand, Wakayoshi et al. [33] reported significant increases in SL during a maximal effort of 400 m after 6 months of swimming training (2.18 ± 0.04 vs.
2.22 ± 0.03 m.stroke − 1 , respectively). Generally, SL improvements are observed after swimming training against high-intensity resistance [31] and after taper periods [16] . It is important to remember that the post-training tests were applied without a taper period.
Conversely, some studies have verified alterations in swimming mechanics [20] and water body position [18] in response to acute exercise performed in tethered swimming compared to free swimming. Maglischo et al. [20] observed the following alterations on stroke kinematics during tethered swimming: the time of the underwater motion of the hand increased, the mean backward velocity of the hand decreased, and less medial-lateral displacement of the hand occurred. However, these alterations in hands position were observed during high-intensity tethered efforts, which are different than those applied in present study. In addition, to date, no study has shown that these negative responses observed during tethered swimming training were transferred to free-swimming.
In fact, Girold et al. [13] investigated the effects of 2 intensive training models (i. e., one resistance and one assisted) during 3 weeks with the use of an elastic cord. The authors concluded that the resistance model promoted higher gains in 100-m bouts, SR and SL in comparison to the assisted model and control group. Recently, Gourgoulis et al. [14] observed significant decreases of SR, SL, and the mean swimming velocity and significant increases of total duration of the stroke and the relative duration of the pull and push phases during the acute use of resistance during swimming. It is important to note that the increase of the relative duration of the whole propulsive phase (i. e., pull and push) during swimming training can improve swimmers' performance. Indeed, sprint-resisted swimming training is related to performance gains [13] . In addition, Domingues-Castells & Arellano [11] investigated the effects of different loads on freestyle stroke and coordination parameters during semi-tethered swimming and concluded that this training method can be useful to improve swimmers' performance; Thieme however, the load needs to be individually determined and carefully controlled. The major innovation of the present investigation is the individual prescription of the tethered swimming training based on the AnT.
The data from this study indicate that the introduction of tethered swimming efforts during training routine led to similar aerobic responses to traditional free-swimming training, without negative changes in mechanical parameters. On the other hand, the introduction of tethered swimming efforts can be used as a different stimulus to improve the anaerobic metabolism. These results partially disagree with Study 1, mainly by the shorter training period applied and the post-training tests performed without a taper period in Study 2.
Conclusion and perspectives
In summary, we can conclude with Studies 1 and 2 that aerobic parameters obtained in tethered swimming were sensitive to training, and the tethered swimming training and free-swimming training led to similar responses of AnT, PF GET and maximal free-swimming performance. As positive results, we can suggest to the coaches and researchers the use of tethered swimming series during the basic preparatory period to improve the lactate capacity production, without alterations in the stroke mechanical parameters. Moreover, the possible effects of tethered efforts introduced during different periods of periodization can be investigated in future studies. However, although no differences were observed for mechanical parameters, the long-term use of tethered efforts for inexperienced swimmers should be applied with caution.
